ABSTRACT
INTRODUCTION
O nychomycosis is the fungal infection of nails caused by dermatophytes, yeasts, or nondermatophytic molds (NDM). It accounts for half of all the nail disorders and hence most common nail disease in adults. Studies have shown that prevalence of onychomycosis increases with age. [1] Pediatric onychomycosis is rare, with an approximate worldwide prevalence in children below the age of 18 years of <0.5%. [2] However, prevalence in adolescents aged 12-17 years has been reported to be 3.4% in various studies. [3] Differential diagnosis of 
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MATERIALS AND METHODS
A prospective, hospital-based, cross-sectional study was conducted on ninety children with a high degree of suspicion of onychomycosis attending the Department of Dermatology of a tertiary care hospital over a period of 2 years. Informed consent was taken from the parents. Clinical details were collected from all the children. Demographic details, pertinent history including chief complaints, duration, fungal infection elsewhere on body, family history of fungal infections, and associated disorders were recorded. Detailed nail examination including the site involved and morphological type was recorded for each case. Clinically, cases were classified into following morphological types: Distal and lateral subungual onychomycosis (DLSO), superficial white onychomycosis, proximal subungual onychomycosis, and total dystrophic onychomycosis.
Thorough cleansing of the nail area was done with spirit swab before collecting the nail scrapping along with the attached subungual debris by the use of scalpel blade without causing much discomfort to the patient. Sample was divided into two equal portions: One portion for direct microscopy and the remainder for culture.
The sample for direct microscopy was mounted in a solution of 20% potassium hydroxide (KOH) +40% dimethysulphoxide. The softened material was covered by coverslip and examined under low as well as high power of microscope for the presence of fungal elements.
Fungal cultures were obtained by inoculating the sample on Sabouraud's dextrose agar (without cycloheximide) and dermatophyte test medium (with cycloheximide and phenol red as indicator) at room temperature incubation for a period of about 2-4 weeks. Growth if any was identified by cultural characteristics and wet mount microscopy with lactophenol cotton blue stain.
Histopathological examination of nails was also done using periodic acid-Schiff stain (HPE-PAS). Nail clippings along with the attached subungual debris were collected with the use of standard nail clippers in a manner described by Hull et al. without any prior softening. [4] The presence of intensely stained reddish dots or thread-like structures in between the cells of the nail plate was considered to be a positive result.
Criteria for diagnosing onychomycosis: "Clinical morphological findings of onychomycosis and at least one positive test result."
RESULTS
During a period of 2 years, ninety children who reported to the hospital with a high degree of clinical suspicion of onychomycosis were included in this study. Age of the patients ranged from 6 months to 18 years with a mean of 12.84 ± 4.09 years [ Table 1 ]. Pediatric onychomycosis occurred more commonly in children ≥12 years of age (58 out of ninety, 64.44%). Male to female ratio was 0.7:1 with the predominance of female patients (53 vs. 37). Onychomycosis was more common in children from rural areas (56 children, 62.2%) than urban areas (34 children, 37.8%). In the pediatric age group, the usual duration of disease was 1 year or less (in 52 children, 57.78%). Only 9 children had a duration of disease >5 years. Figure 1 depicts line diagram representation of the duration of the disease in years.
All the children came to the hospital with the chief complaint of discoloration of nails. Pain and paronychia were seen in 2% and 13% of children, respectively. History of trauma was elicited in 24 children (27%). Family history of fungal infection was seen in 32 cases (35.6%).
Five children had the significant associated medical history present. There was one patient with autoimmune polyglandular syndrome on replacement, one patient with bronchial asthma on oral steroids, one patient of nephrotic syndrome on systemic steroids, one infant of chronic mucocutaneous candidiasis, and one patient with palmoplantar psoriasis.
Coexisting fungal infection anywhere else in the body was found in 38 cases [ Table 2 ]. Tinea pedis alone accounted for 29 cases with concomitant fungal infection.
Among ninety children, 45 had toenail involvement, 38 had fingernail involvement, and 7 had both toe and fingernail involvement. Overall, toenail involvement was seen in more than half of children (52 children, 57.78%).
The DLSO was the most common morphological type of onychomycosis in 82.2%. Figure 2 shows the percentage of various morphological subtypes. Figure 3 shows the various morphological types of onychomycosis seen.
Direct microscopy yielded results in 56 cases (62%), culture in 58 cases (64%), and HPE-PAS stain in 64 cases (71.1%). On culture, NDM grew as contaminants in ten cases which were negative on direct microscopy and did not yield growth on subinoculation [ Table 3 ].
Hence, 48 culture positive causative fungi were isolated with dermatophytes as the major group in 28/48 (58%) and NDM in 12/48 (25%) and Candida in 8/48 cases (17%) each [ Figure 4 ]. Figures 5 and 6 show the gross and microscopic appearance of some of the common isolates obtained on culture. Among the dermatophytes, Trichophyton mentagrophytes was most common isolate in 15 cases followed by Trichophyton rubrum in 9 cases [ Table 4 ].
Among the NDM, Scytalidium was most common isolate in 5 cases followed by Scopularis, Aspergillus, and Trichosporon in 2 each and Fusarium in one case.
DISCUSSION
For pediatric onychomycosis, age standard of 18 years has been set. [5] [6] [7] [8] [9] [10] In this study, all the children <18 years, with strong clinical suspicion of onychomycosis were included.
Onychomycosis in children is rare. In a study in 1997, Gupta et al. found a prevalence of 0.44% in children. [10] This study also summarized studies around the world and found a prevalence of 0.35%. Low prevalence in children is due to faster nail growth, smaller surface area available for exposure to causative fungi, lack of cumulative trauma, and reduced environmental exposure to public places that harbor high densities of infective hyphae and spores. [5] [6] [7] 10] [8, 11] A case series study from Peru reports, in fact, a prevalence of onychomycosis in adolescents aged 12-17 years of 3.4%. [12] In fact, only three children under the age of 3 years had onychomycosis in our study population. Piraccini et al. in their review article have also suggested that the prevalence of onychomycosis increases with child age, with higher frequency above the age of 12 years, cases in infants however occur. [2, 13] Onychomycosis was more in girls than boys in our study. This is however incoherent with studies of Lateur et al., [5] however, some authors have reported that sex did not seem to be a risk factor for onychomycosis, in contrast to some previous reports. In this study, onychomycosis was more prevalent in children from rural areas, this agrees with the studies by Rodríguez-Pazos et al. [9] because of less health care facilities and more of environmental exposure in rural areas.
In adults, onychomycosis has asymptomatic and indolent course and persisted for 5-10 years before diagnosis as observed by Ramesh et al. [14] However, duration of the disease at the time of presentation was 1 year or less in most of the children (52 cases, 57.78%). The reasons why onychomycosis is less persistent is due to increased awareness of parents, early treatment, screening in schools, and faster clearance of infection due to faster growth rate of nails.
Our study showed that 26.7% of children had a significant family history of fungal infection. Any family history of tinea pedis or onychomycosis is thought to be a potential source of onychomycosis infection [6, 8, 9, 10, 13, 15] and this study identified such a relationship.
Thus, it may be necessary to evaluate family members for fungal infection to decrease the chance of reinfection. Rebell and Zaias showed that onychomycosis due to anthropophilic dermatophytes such as T. rubrum are familial due to a genetic predisposition to the infection inherited in an autosomal dominant manner. [16] Coexisting fungal infection in other parts of the body was seen in 38 cases with tinea pedis (29 cases) accounting for most of them. In most of the studies, tinea pedis has been shown to be the most common concurrent disease with onychomycosis, especially toenail onychomycosis. [8] [9] [10] Toenail infections comprised a higher proportion of the overall onychomycosis.
Fifty-two of the children (57.8%) had toenail onychomycosis, this agrees with the findings of most of the other workers. [5, 9, 10] In our study, DLSO was the most common morphological type found in 82% of children finding consistent with reported results. [5, [8] [9] [10] 17] Direct microscopy using KOH yielded results in 62%, culture in 64%, and HPE-PAS stain in 71.1%. Higher sensitivity has been reported for histopathology by various workers. [18] [19] [20] In this study, dermatophytes were isolated in 28 out of 48 culture positive confirmed cases of onychomycosis (58.33%). These observations show that dermatophytes are the major etiological agents causing onychomycosis, and this fact has been established by previous studies by other workers. [6] [7] [8] [9] [10] The most common isolate obtained in our study was T. mentagrophytes in 15 cases (31%). Yadav et al. have also reported T. mentagrophytes as the most common isolate in their studies. [21] However, most other workers such as Gupta et al. and Kim et al. [10, 11] have described T. rubrum as a most prevalent pathogen in pediatric onychomycosis. The high rate of isolation of T. mentagrophytes can be explained on the basis that in our study large number of the cases were associated with interdigital variety of tinea pedis caused mainly by T. mentagrophytes var. interdigitale. T. rubrum (9 cases, 19%) was the second most common isolate in our study.
There were 8 cases of Candida species (17%) in the confirmed cases of onychomycosis. Predisposing factors to Candida onychomycosis are all types of immunodeficiencies including incomplete development of the immune system in premature newborns, chronic mucocutaneous candidiasis, and iatrogenic immunodeficiencies. [22] Furthermore, in this study, 3 out of 4 samples from the immunocompromised patients grew Candida on the fungal cultures.
It is known that T. rubrum, T. mentagrophytes, and Candida species are the main causative pathogens of onychomycosis in children [5] [6] [7] [8] [9] 23] and our study reflects these past findings.
The nondermatophytes could be isolated in 22 cases; however, only 12 cases and 25% were causative. The prevalence of nondermatophyte onychomycosis reported from other parts of the World and India is variable. [24] Moreno and Arenas found that nondermatophyte onychomycosis account for 2-12% of all nail fungal infections and can be caused by a wide range of fungi, mainly Scopulariopsis brevicaulis and Aspergillus species. [25] 
CONCLUSION
To conclude, pediatric onychomycosis has to be suspected in the diagnosis of dystrophic nails in children and careful mycological examination in the form of direct microscopy, culture, and histopathology of nail clippings should be undertaken to identify onychomycosis in this particular age group which have different characteristics from that of the adult population.
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